The ultrasonic velocity, density and viscosity have been measured for ternary mixture of N, N dimethylformamide (DMF), cyclohexane and pyridine at different frequencies 2 MHz, 4 MHz and 6 MHz but at constant temperature 318 K. These experimental data's have been used to estimate the parameters such as adiabatic compressibility (β), intermolecular free length (L f ), Gibbs' free energy (∆G), free volume (V f ), specific acoustic impedance (Z) and absorption coefficient (α/f 2 ) for the mixture. The excess values of these parameters are also evaluated and the molecular associations in the mixture are discussed.
Introduction
Ultrasonic velocity measurements have been successfully employed to detect and assess weak and strong molecular interactions present in binary [1] [2] [3] and ternary [4] [5] [6] liquid mixtures. Such studies lead to the determination of acoustic and thermodynamic parameters of liquid mixture. Their dependence on concentration, temperature and frequency are of importance in many fields of applied research and also find applications in many important chemical, industrial and biological processes 7 .
The excess properties of the above parameters also play significant roles in the above studies as they are highly sensitive to molecular interactions in the mixture. We intend to measure the ultrasonic parameters and their excess values for ternary mixture of N-N dimethylformamide and pyridine along with cyclohexane at different concentration of the components of the mixture and at different frequencies. We have done similar studies in liquid mixtures like DMF + chlorobenzene + cyclohexane and DMF + Nitrobenzene + Cyclohexane 8 . We have shown that the mixture containing chlorobenzene is more sensitive to the changes in frequency in comparison to the mixture containing nitrobenzene.
RESEARCH ARTICLE
Pyridine (C 5 H 5 N) with nitrogen atom attached to one end of its structure is a polar aprotic solvent and negligibly basic. Pyridine is an important dipolar liquid used currently in extraction process for coal and to analyse its components. It is used in the manufacture of vitamin B 6 and other drugs. DMF is a versatile solvent with a high dielectric constant and a high dipole moment. Cyclohexane has a closed chain structure and is non-polar in nature. Dispersion forces caused by correlated movements of electrons are possible between cyclohexane and the other components [9] [10] .
Experimental
All the chemicals namely, pyridine, DMF and cyclohexane are obtained from E-Merck Chemicals Ltd., India. The velocity of ultrasonic waves is measured, using a multifrequency ultrasonic interferometer (Model M-84, supplied by M/s Mittal Enterprises, New Delhi). The measuring cell of interferometer is a specially designed double walled vessel. An electronically operated digital constant temperature bath (Model SSI-03spl, supplied by M/s Mittal Enterprises, New Delhi), with an accuracy of ±0.1 K has been used to circulate water through the outer jacket of the double walled measuring cell containing the experimental liquid. The density is measured by a specific gravity bottle using the formula ρ 2 = (w 2 /w 1 ). ρ 1 Where, w 1 & w 2 = weight of distilled water& experimental liquid respectively. ρ 1 & ρ 2 = Density of water & experimental liquid respectively.
Viscosity measurements were carried out with an Oswald's viscometer by using the relation. η 2 = η 1 (t 2/ t 1 ) (ρ 2 /ρ 1 ) Where, η 1 = Viscosity of water, η 2 = Viscosity of mixture, ρ 1 = Density of water, ρ 2 = Density of mixture, t 1 = Time of flow of water, t 2 = Time of flow of mixture. The time of flow was measured using a digital racer stop watch with an accuracy of 0.1 sec.
Theory
Following relations [11] [12] [13] [14] are used to calculate the parameters by using the experimental values of density, viscosity and ultrasonic velocity.
is the temperature dependent constant known as Jacobson's constant, 'k' is Boltzmann's constant, 'h' is the Planck's constant, 'b' stands for cubic packing, which is assumed to be '2' for all liquids, 'R' is gas constant, 'T' is absolute temperature, 'M eff ' is the effective mass of liquid mixture, 'K' is a dimensionless constant independent of temperature and liquid, its value is 4.281x10 9 .
The excess values of parameters has been calculated by using the relation A E = A exp -A id Where, A id = Σ A i X i , i =1 to n, A i is any acoustical parameters and X i is the mole fraction of the liquid component.
Results and Discussion
The experimental values of density, viscosity and ultrasonic velocity for the ternary mixture are listed in Table 1 . Values of different parameters for the mixture are given in the Table 2 It is observed that, for a given concentration and temperature, ultrasonic velocity decreases with increasing frequency of the waves. Such a decrease in velocity is an indication of existence of molecular association between the components of the mixture. Again increasing trend of adiabatic compressibility is observed with increasing frequency. The ease, with which a medium can be compressed, is given by the compressibility. When frequency increases, the interaction between the molecules in the mixture changes causing a structural change and hence increase in adiabatic compressibility. Intermolecular free length depends on 'β' and shows a similar behavior as that of compressibility. Hence free length also increases but at a slower rate. On the basis of a model for sound propagation proposed by Eyring and Kincaid 15 ultrasonic velocity should decrease if the intermolecular free length increases and vice versa.
Free volume is the average volume in which the center of a molecule can move due to the repulsion of the surrounding molecules. At constant concentration of components liquid and constant temperature, viscosity remains constant, hence
Since velocity decreases as frequency increases, hence free volume also decreases.
With increase in frequency, concentration remains constant, velocity decreases and hence acoustic impedance decreases. This factor is governed by the inertial and elastic properties of the medium and hence supports the possibility of molecular interactions. Acoustic impedance is also used for assessing the absorption of sound in the medium. 'Z' decreases with frequency.
Gibbs' free energy (∆G) increases with frequency. The increase in '∆G' suggests shorter time for rearrangement of molecules. This also indicates existence of molecular association between the components of the liquid mixture 16 .
Absorption coefficient, which is a characteristic of the medium, increases with increase in frequency. This shows a similar behavior to that of the passage of electromagnetic waves through a conductor where the skin depth decreases with frequency of the incoming wave. Decrease in skin depth means increase in absorption.
In order to understand more about the nature of the interaction between the components of the liquid mixtures, it is necessary to discuss the same in terms of excess parameters rather than actual values. Weak interaction between unlike molecules gives in general positive excess values where as dipole-dipole, dipole-induced dipole, charge transfer and hydrogen bonding between unlike molecules give negative excess parameters 17 .
The value of excess intermolecular free length follows the same trend as that of excess value of adiabatic compressibility. Excess free volume is negative indicating strong interaction between the components of the mixture. Negative values of 'V f ' also indicate contraction in volume. This is obvious because of the relative small size of DMF and its linear aliphatic structure and also because of the spherical shape of pyridine molecules, which are tightly packed. The negative values of 'V f ' decreases as frequency increases, indicating that there exists a weak interaction between the DMF and pyridine molecules.
Excess value of Gibbs' free energy is positive and increases slowly. This is attributed to hydrogen bonding and charge transfer between the molecules of the mixture. As the mixture consists of polar and non-polar liquids, in addition to dipole-dipole interactions there is a dipole-induced dipole interaction, which leads to a negative excess value of acoustic impedance. As frequency increases, the compressibility increases indicating weakening of interaction between the molecules. This is also confirmed by gradual decrease in the negative value of acoustic impedance.
Conclusion
From the above study it is seen that there exists molecular association between the components of the ternary mixture due to dipole-dipole, dipole-induced dipole, charge transfer and hydrogen bonding interactions, which varies with the change in the frequency of the ultrasonic wave.
